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(57) Abstract: An adaptive ar- 
ray antenna reception apparatus 
includes radio reception blocks 
(102a, 102b, ...102n) which 
convert RF signals from antenna 
elements (101a to lOln) into 
base band signals (118a, 118b. 
...11 8n) and output them. A 
searcher block (103) detects a 
path position (timing) for each 
of the beams of the n antenna 
elements (101a to lOln) in 
response to the base band signal 
converted. A finger block (104) 
performs de-spreading at the 
timing detected by the searcher 
block (103), forms a beam 
by using adaptive algorithm, 
and performs maximum-ratio 
synthesis. Thus, it is possible 
to distinguish paths from one 
another even when the paths are 
overlapped on the temporal axis 
by the path position (timing). At 
the stage when delay 
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information has changed, there i s no need of re-allocating the paths. This improves beam following characteristic and communication 
quality. 

(57) m%3: 

7^^T^7K7>f^|gilH3lvt ( fc*3«»10 2 a, 10 2b 
- 1 0 2n«7>ftl?l Ola-101 n^^0RFff$^-7/t> F-fl 
^i i 8 a. 118 b-i i 8nk:£fttitfrrs. +r-5f^-£Ri 0 3&, $& 
$n^-Xyt>Fflfl:Ml, n{S©7>5^^?rf^l Ola-101 nODt* 
-£«£AXtf>ft« *4ftttJT<6. 7*>#-«l 0 4fct1*— 
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1 

wmm 



CDMAJit (Direct Sequence-Code Division Multiple Access : itJgifcfMSF^ 
#$J#S:£5£) t^c^l^Ii v x ^ A ro&MM 7 >Ti~m^ 

-f ^SIbT^tl.ctt»t'-A/^-> : £Wi:Mt57y7' 
f-f 77 V< 7 >ri-§igtfe<k^t:it5. 

Ta^fcfcS. DS-CDMAMflK&^Tte. ^©P^fMbfcfi«5W 
KCD^S^OT^^/N'Xft^Sr^^mfel^ffl^ (RAKE^i) TSdi 

-J|fiDSIfl!ll:»bTttRAKE^I:#5^'f/t-'>T'fM 

xMft ® # £«r 5 n £ an? # s . 
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2 

is&m^ hzm&tzztr, T^ri-om^n^-y (two 

lfcTSflTUfcRF (Radio Frequency) SftOTWu a6»£fctt# 5 2 2 

Ttv v*;Hl-^«3ft3. :<51I§«5 2 2 ©#r^ ^^Wt^fcH 
fcttU— W5 0 1 ty 4 >#-£E5 0 4\zmt>tiz>, v-^t-Ws 0 1 
Ttt3;-f fflMSli* 5 0 5 (CT7>x^P5 2 1 TSff bfegfim^^^n^Bf 

/^^fll*©S«^-f 5>^ftU— ^LT, 7^>#-g&5 0 4©#F inger 
(Finger-l~Finger-n) tSOD^TS. 

AtX#ffllEl&5 0 2*<tHA"rSM*^ 5>^SIfcHI^5 0 3£ffi^Ti£ 
J&fltefr?. >#-gfl5 0 inger-l-Finger-n 
©#F i n g e r tt, ffcMf|$ 5 11 (^Finger rtl:7>fti 5 2 1© 

-A^SS5 1 2tctt5^^n, £x< MHMS 1 4F*g©3S^7;Hf'JXAT*l? 
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3 

h'-A«g§5 1 2©fcb*teiM8«#5 1 6 £ & £ *;Mt£SB 5 1 3 
■V^ZJWfe&n&MZn, RAKE^I3IS5 1 5lCtti*$tlS. RAKE 
£fifc®B&5 1 5Tti=&F i nge r ^TS^i^Mf^gBS 1 3©ffl;ft£RA 

tt, #ll§5 1 6£5F**;Wt5£«5 1 3T'^^^U«^fil^^L^Ht' 

TftMMS E (Minimum Mean Squared Error) tzEOMfoTJVzi UXAtfJ&Vig 

-< >#-g&5 0 4©&F i n g e r ^O/t^0fiJO ^T«c:ft?>— ^>£>ft$B£g 
,d©J;^^/^©SiJD^T^0-0a<i:L/T, $#Hfl¥9-l 8 1 7 0 4f^ 

IB«£cd rcDMA7;Vf/u • it-f^WCDMAffitsggfj ^ftien 
mmffiWMfc?fc/WZ^X\$ntll'<)\'tiim*&\Z? i nge r^©/\° 
>#— 955 0 4^$J01i5T£fT5 Lfrl<&#£, £ft£>£> 

D7 7^M*t@7 (0 7A» @7B) *#J»r*t. 0»Ufcf. SSTOtl 
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4 

rmeAizm-r^oiz. »ie o lfrzmmztirzmmfi, at. 1 i/u2© 

-O^iHi^TSitfe^ 6 0 2 iC/H^if 3. £GD£#AX 1 

^S^Jt 2TBI116 0 lrt*&l!jLT0 6B(C^£ft£Mli9& 
Kft^fc^Tixi:, AT. 1 J:DA o X2(D(55^ii?§S«<^0. 0 
2Tt#e»n^jl5S7°0 7 7'f;Wgl7 BMfrS. 

«©7^^7^ ^7 W7>f tSliifd 07A©tfl:F i nge 
r-1 (t^t'-Al) £AT1, Finger -2 (k'-A2) C/U2 
.^iiJD^T^tlTV^cfeO^ gl7 B tftofc^T, F i n g e r - 1 (h*- 
Al) C/U2, Finger -2 (t'-A2) KAT 1 ^iAXOfiJD ^T** 
Aft#fr££ilC&3o Tfrfc>^ft#01f~F*-&5 0 1 TiiAT^AX 1 > 
A'X2rock3^^lft±Tm73:o7c:^t, &fri$6 0 \<r)®m\Z$&rt%-^ 
O A X £ EBiJT & d <b W "IflgT'S. S £> , CD^T E % £> (7) A X ©Sift £ 

So 

ST(i«L7tt:-A, $^»^«i|X^^Ot*-A^gM^»e>Btr^-r 

mi&M£<D^z&&&\z&zi^mmmm(Dmk\z£<o, mjjF inger-i 

Wit>^> fcf-A 1 ) HAX 1 » F i n g e r - 2 ( t*-A 2 ) 2 tm K) 

^T^nTV^ct)©^. ®mm<D®mm&X\ Finger-l (fc*-Al) 
AX2, Finger-2 (t*-A2) fcAX 1 ^<hAX©i!lQ i5T#Atl#fr 
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389J©W* 

*^BJ©fdl©g6<J«> 7^77 1 ^77U^7>x^vX5 L AK£tt5M«.&« 
©&##<£ 0%«£*©*t;*:Kofc#*7^7T->f y7K7>f7-«l^ 

*%W<D7?7°^J 77 K7>-r7-§MmH, D S -CDMA^SfflU 
£7^7^ 77 U< 7 >7^g{f MtC&tAT, 
n (nttlK±Olft) mO)7>^±m^t. 

cne>n{i©7>7^-^W^©RFfg-^^n<S©^-X/t>H{5^«^ 

WI3nffl©^-x;t>K««A*l/» m (mtt 1 £U:©SEft) ffi©£-A£ 

=&b*-AttH/tX©&e^<5>^^ai-r-2)-y--^^-SI5i:, 
j|iJs3n{@©^-XM> K««A*U tKHEU— ^^-W^tBbfe&B^-r 

*fto74 yft- (Finger) 
HM©fffiTOittK 

0 1 #36807^7^ >r 77I/-r7>7^Sfgge©-O©^Jg0iJ^^T 
7Dy:?0T&5. 
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E9 2 fit, mi <»V-^v-mm?%V-^*~W\l-2±Kfcm<DUn7n y 
•TPy^BT**. 

0 5 8, &*<DT*7t4 77 K7>f«ft8I^t?D y * ®-e^§o 

m 1 itt&mnyWr* yy v< 7 t?©saii«*^*r^ 
^-^m^tz^mmm^m^^LT^y). nio7>fti^ioia, 10 

1 b-1 0 1 n t. #7>rt*"fl Ola-101 n^f.©RFi^-X 

A*>Kf=4ti i8a, 118 b-i 1 snizmm-znmommgm&i 02 a, 

10 2 b- 1 0 2 n i, 7>t u ^-^1 0 1 a~ 1 0 1 nCk- ASK AX©® 
S (*<S>^) fettflJT**- 0 3<h, ^-XA>Hffi^-118a 
-1 1 8n$A7JU, It— ^ir-^l 0 3ifi&mL1t94 S. >tfl!mffllL&ff K 
MM S E (Minimum Mean Squared Error) ^(DMfoyj^V XASrffl^Ttf— A 

It— ^^-§5 10 3H 7>x±*tF 1 0 1 a - 1 0 1 n ©SfcfcftJfcL 
feffiHHl 0 5 a, 10 5 b- 105nt, fflWSSl 0 5 a~l 0 5 nCDttl^f 
^T£A*U 5tf-A£x< hf§^l 1 9 a~l 1 9 d fc«fc Dfi*#fit 

SrfrK ^L^e-ASrai^-rsiT— ft-Sfh-A«^l 0 6a~l 06 
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^n^jiM^D7 7'r;uti^i o 7 a~i 0 7d^tti^-rsii@yD^7<;i/ 

OTl 2 0 a-l 2 0 d£AftMSU ^jAyUf^fl 2 1 fctb^-rSAT^ffi 
I3B 1 0 8 1 2 1 £A# Lgft^-r $ >^iI*lHf-*f 1 1 6 £tH 

^T^/^^IsIS§l 0 9t, £-A£x< hfi^l 1 9 a~l 1 9d££*1t 
-^^-SUt-A^ggl 0 6a~l 0 edfCtb^-r^h'-A^x-f h£«l 
1 0 ££*rbTtr>5o 

££>tc, 7-<>#-S|5l 0 4tt, H&0F i nge rtelSScDF i nge r-1 
~F i ng e r - n iRAKE -a^IelSS 1 1 5 #Finge r EelS^F^ 

(Cfi^SMl 0 2 a~ 1 0 2n^ta*-r^^-7.A < > Kfll^ 1 1 8 a-1 1 
8nS«»n«HSiiia, 1 1 1 b-1'1 Int. :n6*BI8llU 
~1 1 1 nttl^SrA^U H*I£x< k &ffl£x< Ktf>£#-tttt£frofce- 

ASffi*-r*tf-Aj^j«si i 2t. mmmm 1 7&fc£i;:i:<Dk*--AM8§ 
1 1 2 <Dic-i±&t>(D^r ^mfeimzfto?* 1 mms 

EH<Djg^7^n*UXAT#tBLfc»^x< k &*B£x< h©S^#tt£fT 
K t*-A^J&S§l 1 2^r»-r^^x< hfUCTSBl 14t, ^Finger0 
&#WT3^*;i^£gBl 1 3rott5^^^^1-?,RAKE^lHlSSl 1 5 

g|2teEll<D1f— 3^-§Bl 0 3 7^1-517— ^-g&t-AMfg 1 0 6a 
~ 1 0 6 d cofiMfflT/D y $ g|T&£o 

0 2£#B|-fS<!:, If- ^-gBt-ASJ&H 1 0 6 a~l 0 6d©^(l 
7>rj-m?l 0 1 a~l 0 1 n<DmzttmLtz®.mm%l$:fi?tztb (4x n ) 
m<Dmn%2 Ola, 2 0 1b, 201c, 201dt, (2Xn) il(DM§§2 
02a, 2 0 2 bi ( $ ^tCn^O I ffi^fc £TOtti^£^n^n»&J&f 5 
2iO7^aAl/-^2 0 3 a, 2 0 3 b £:£|*)^UT^<5o 

fc, m&£tfEI2£#!&LT, #&&60ij0lfefe£ J: 0 SSfflK: lit 5 . 

ni@(D7>^^l 0 1 a~l 0 1'nCT, ^I$tl/t R F|f^«7 >x^- 
^fe^^tl-etlM^^ff SB 1 02a-102nKl2!&ftS. *S«{ig&l 0 2 
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a~10 2nT. RFft*t2*fflflftft (IFf) gffr 
*Ufci*ffl£ <B*1T*") -&mi<tL I/Qft^HO^-WHifl 1 8 
a-1 1 8nfctftXttjaEStlfctt. A/D«S§ (H^rfrr) Tr^ ^ 
C^&SnS. ^©^^ff^l 0 2 a~l 0 2n©illATf*5^-7/t>Ki 
^1 1 8a~l 18nfj*-?t-»l 0 3 >#-g& l 0 4 £fci£<=>*i3 0 
If-^-g&l 0 3TIJ. SfnfflOttWSIl o 5 a-105nT^Wl: 
$Sn5ra««#©^#ffiH|tS7>T-^*T«(iifait*5. ffl^lO 5 a 
-1 0 5n©nfloaiAiT^- ^i—SBk'-A^fiSgg 1 06a~106d©. 
**fC^I6n. 1f-3 1 *-SPfcf-AJgjE£Sgl 0 6 a~l 0 6 dfiTt'-A^x-f 

i o**m*-r*tr-A^x>f hmm 1 9a~i 1 9dt«kpm*ft 

tttt7>T-^-*?l 0 la~l 0 1 n%\zX-h-£ntzl/Q3 Lj **)V<DffiWm.m 

n<Dnmnmmz%w$$2 o 1 a~2 o iatmn^2 02a, 2 0 2 b*m^ 

TRMSOtf-A^x'f N2 0 4 ft7>x^JH t SO»*& 
7*;xAl/-* 2 0 3 a, 2 0 3 b Cffl^ LTJn#£jfcSf?3. tf-A^x< h 
2 04 ^tW (m, n) (1) S:fcS$nfc^HT®mT*c:t*ST?#S. 
W (m, n) 

= e x p { j x 2 % (m- l)(n-l)/s + j7c(n-l)/t} 

. . . . (1 ) 

m : t*-A^>A- (ih-^-^t-A^SgCD^A--) 

n : 7>x±^^->A*- 

s : fc?-AR 

t : 7>x^-3frHS 

0OA.tf» 407>f^f^^T40<Dt'-A^Mt?.i^ (1) 
W (m, n) 

= exp{j X2tt (m-1) (n-1) /4 + j * (n-1) / 4} 
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• • • • (2) 

tfcQs l#S©l7--5 1 ^-g|5lf-A^§§T©l#e©7>'5 L ^We©A 
l3mmzmf&t>VZ)d-&V3L>t H* (2) 5£©m, nCl^UU^ 

t'-A^x^f 1 om (1) SiOlf-A^x'f h£|ftBLT, fcf 

-A^x-T hf§#l 1 9 a~l 1 9dtLT#*»M5f- 

0 6 a~l 0 6 d'vilftlTS. £7>x^*^0ftWfi£^TfflKIJgl 0 
5 a-1 0 5 n<DtHtlit, fiESI 1 06a-10 6dO** 

(C^-rSlf-A^x-r 1 9a~l 1 9d£fftJ|^ttfc&fc<&i5fcSft5 

CftllefcoT. ^*-«5fcr-AJBric8 1 0 6 a - 1 0 6dtt^tl- 

o©fcf-A£«U *0ffl#ttKlf-A©gffifcHffitfJ2j£fc*. 

0 3 « 4 O ©7 >7-±m?Zm 4 e- A Lfc*£© tf- Afg|6j«rtt 
**T0T?, "HKWlttfU^G a i n, UlittAttAng 1 e&3 0 

1J— ^+-*lf-A»JsK»l 0 6 a~l 0 6 d©<&hT-Affl2n?*5fcf— Al, 
b'-A2, t'-A3, e-A4fc»*UT, e-APJ*ftfc*rrS<&tf-A©fiJ 
t#£^-f 0 1 5S^TA#tL^X^OViTttt*-AlT2 0 dBi§© 

yOSftfltSutms. #k*-A«^-©lf-A&«tflfi©e 
-A©5UU (nu 1 1) &tf<Z>£o\zmj&ZnT\,->2>tctb. 1 5MTAStL 

S#J*l/&#&, b*-Al©^T/\'X^th-r^Ci^T:#fcJi^, f©/UCD 
« 1 5 £T & * i *|*rT * C £ # pjf g t ft 5 „ 
TfcfrS (1) ira^fcti-A^x-f h©«»£fl8¥LT*S;ifcTBI3© 
=fc5&fc:-A£7^JcU /^X#*nS©lf-A©£;iT£fre#W5j&*. $>% 

>»tt*n^©tr-AiB]T<fc*©±5«:sm^;uRi«T?SfiT#Ti»**^^c: 

T\ -£-©/1Xrit<!: ©£|njfr 6 AW L <fe fcttWrT 5 £ t *s pjfig <h fc s„ 
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it-^t-g^b*-A«|§l 0 6 a~l 0 6 d ©fcf-AfflaicJ: 0, 

yyijmm^i o 7 a~i 0 7dfiiiS7 p D7T^;^^i 2 0 a~i 2 od 
££s)ciij£-r3„ /txfcwisii&i 08H e-A«©ajgyn7T'i';Ks-^i 2 

$g (tr-A^-WN-) $ti/u©^i2 1 1 lt/^«*eii5 1 0 9^®^ 

'So 

/N°X^®gg 1 0 9 te#&AX{I*f 1 2 1 rt^tf 3 ^OiH^HTia 

flAfcf, 0 6©«fc5fc«£. /Ul^ii6O10» 
laD/UBtWCl&ofcifTfe, AT. 1 1 AT, 2 ©^Mtit n (tf-A 

&, t-A^x^f 1 0«7^>^-g|5l 0 4Ot-AM^l 1211 

**lt. ^^©A-x*^ai$nfetf-A©7x< h^tr-A^x-r h®^t^4 

0 2£LTttJ2>T£o 

fi£oT, It-^-gBl 0 3tt^ffiLfeAX©^<S>y^^fg^<5 > 
7*M£){i^l 1 6tLTyj>%-^l 0 4(^ro«ggi 1 1 a , 111b, 1 

«J»iIi:UT7^>^-«l 0 4|*g©fcT-A»/jHBl 1 2 fCttLTittTJ-TS. 
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7l/'f7>ftS«Sfi01H5 1 t-8S5 0 1 K, ^-&t:--AJfcJ&S§l 
0 6 a~l 0 6d, /WWS£IH& 1 0 9 . tf-A^x-T N^SSl 1 0£«IL 
1t-^-v-a5f-A7f«l 0 6 a~l 0 6 d&£/£T£tf-A 
£ & * . -o ® ^ V -85 If - AJfcf&gi C£T©7 >x:J-* 
*AAff^©ffiHfll>&«ftKlgl 05a~105nfr£ai#$n> uOfflilCh' 

h^ti^©t'-A^i< HS^l 1 9 a - 1 1 9 n^ifLMTSutl', 
H3fc^T«fc3fc«#©e-A*$jfc-r5 (fc£U H3tttf-A»£4<hLfc 

Axfij^Hsg i o 9Mao/^«miHiai o s^o^jv^/^x^mti 

l!lMfcbL7c/lX<h©8££<i:oT7^ >#-g&l 0 4'\/r*©ffl0ST*fr5. 
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1. DS-CDMA (Direct Sequence-Code Division Mul liple Access) ;^C£ 

n (ntai^oit) m<D7>9-i-mi L t. 

dne.nfi©7>x^ J ?^e>©RF (Radio Frequency) {t-*f £n<@<£)^-X 
iiutBnffl0^-X/\'>F{§^£A#U m (mitl &±<Dmm ffl(E>fc:-A£ 
i!u§Enfi<Z)^-AA> KfS^£A73U tiJiB^-?Y-»^t±lUfcM^-1' 
fcfrd^'Otf- (Finger) Ut 

mm n 7 >^^(D^C t»Jfi: L n IH<D*B gg§§ <h , 

^wl, MA'xm^^trj^-r^A-x^ttiiHisst, 

ml® (Dffift If- A 7 x-f Mf-^fflHemiScolj--? 1 * -{Sfcf- ArBfiJcigtCfcHT] 
*mxtz Z. tZ<$WLt-fZ>m #0lSB 1 IS«tCD7^^x^ 77 U< 7 >r-±g 
3. HulE7^ >#-gBte, ffitCOF i n g e rHIgSi. £tt£>F i n g e r0j& 
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ffi&mm<DF i n g e r08§©&*&, 

zmxtz z. t £#8& ttzm xo®m 1 tmory y 't-j y? u-r 7 >x^-s 

4. MI217— ?^-^h*-A^g§«, 

witznm<D7>Ti-m?<DmzftjfoLtcm%mu&notz)sb, ux n ) 

^S§<t> (2 x n ) m<Dim^t. Z%\Znm<D\\&f}lktfnm<DQ\ti1ltttllc 
iTSW^WlSH 2 &lm7*f 77 K 7>^S<Igg 6 

6. mttt-&o^ b£mm*. mmy^o^-^omu^-Am^znb 
m^-ts n t *&mt-?z>m*<D&® 5 fB«7^yx^ ^7 w 7 >x^-§mg 

So 

7. IfffBlT— mtHLrzJ^co^^ = >^M^iJlB^«^-r$>^ 
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